Most complications after surgical interventions on biliary system are related to iatrogenic injuries. Biliary injury may result in bile leakage (biliary fistula), bile duct obstruction or bile duct stricture. Bile leakage most commonly occurs after cholecystectomy. Laparoscopic cholecystectomy is more commonly associated with bile injuries than its open counterpart \[[@ref1], [@ref2]\]. The incidence of biliary injuries after laparoscopic cholecystectomy varies between 0.5--0.9 percent in different series \[[@ref3]\]. Other causes of biliary leakage include orthotropic liver transplantation, hydatid cyst surgery involving the biliary system, liver biopsy, Trans jugular intrahepatic portosystemic shunt (TIPS), hepatic tumor ablation, penetrating sharp object injuries, and blunt object injuries. Irrespective of the nature of injury, the majority of bile injuries cannot be detected during surgery \[[@ref4]\]. Surgical therapy of bile leakages at the postoperative period increases patient morbidity and mortality \[[@ref5], [@ref6]\]. Endoscopic retrograde cholangiopancreatography (ERCP) plays a major role for treating postoperative bile leakages.

The aim of this study to analyze the clinical, laboratory, radiological, and endoscopic characteristics of, and the efficiency of endobiliary prosthesis in patients with bile leakage after abdominal surgery who were treated with ERCP in Ankara Numune Training and Research Hospital retrospectively.

MATERIALS AND METHODS {#sec1-2}
=====================

This study included a total of 31 patients diagnosed as bile leakage and treated with ERCP after biliary surgery or liver surgery performed for various etiologies in Ankara Numune Training and Research Hospital between January 2008 and May 2012.

Patients' age, sex, etiology for surgical intervention, symptoms, physical examination findings, complete blood counts and blood chemistry results, and daily amount of discharge (ml) from abdominal drain before the endoscopic therapy were recorded. The radiological, endoscopic, and other diagnostic methods used for the detection of bile leakage were evaluated. ERCP was performed by a single experienced endoscopist using side-viewing duodenoscope at a single center. The site and grade of leakage, endoscopic treatment method, the type of injury, and the size of endobiliary prosthesis if used for endoscopic therapy were also recorded.

The severity of bile leak was classified by endoscopic retrograde cholangiography into low grade (leak identified only after intrahepatic opacification) or high grade (leak observed before intrahepatic opacification). Injury type was categorized according to Strasberg's classification. The findings of control cholangiography, and the complications detected during and after endoscopic therapy were recorded.

In patients with postoperative bile leakage after hydatid cyst surgery the preoperative anatomic localization, diameter, and type (Gharbi) of the cyst were recorded.

The endoscopic therapy was considered successful when no signs of bile leakage was observed in the control cholangiography after endoscopy, or when a patient's radiological, clinical, and laboratory findings improved after endoscopic treatment but no control cholangiogram was taken at discharge.

Statistical analysis {#sec2-1}
--------------------

The study data were analyzed by SPSS for Windows 18 software package. The categorical variables were expressed as number and percentage, and the continuous variables as mean±Standard error.

RESULTS {#sec1-3}
=======

The study included a total of 31 subjects (10 males and 21 females). The mean age of the patients were 53.4±13.2 and 50.8±19.5 years for male and female subjects, respectively. The clinical signs or symptoms of bile leakage included abdominal pain in 26 patients (83%), bile drainage from percutaneous drain in 23 (74%) patients, peritonitis in eight (25%) patients, bilioma in three (9%) patients, and jaundice in six (19%) patients. Demographic features, indication for operation, type of operation and signs and symptoms of patients with bile leakage were summarized on [Table 1](#T1){ref-type="table"}.

###### 

Demographic features, indication for operation, type of operation and signs and symptoms of patients with bile leakage

  Parameters                                        Total (n=31)   
  ------------------------------------------------- -------------- ----
  Age (years)                                       51±17.4        
  Sex                                                              
   Male                                             10             32
   Female                                           21             68
  Type of operation                                                
   Laparoscopic cholecystectomy                     14             45
   Hydatid cyst surgery                             10             32
   Open cholecystectomy                             6              19
   Hepatic resection                                1              3
  Signs and symptoms associated with bile leakage                  
   Abdominal pain                                   26             83
   Postoperative biliarydrainage                    23             74
   Peritonitis                                      8              25
   Jaundice or hyperbilirubinemia                   6              19
   Bilioma                                          3              9

The leak was from a cystic stump in 11 (55%) of cases, from right peripheric bile ducts in two (10%), gall bladder bed in 5 (25%), common hepatic duct in one (5%), and common bile duct in one (5%) after cholecystectomy. Among these patients, 18 (90%) had a Strasberg type A injury and two (10%) had a type D injury. A low-grade leakage was observed in 16 (80%) of the cases and a high-grade leakage in 4 cases (20%) after cholecystectomy.

Twelve (60%) patients with bile leakage were treated by endoscopic sphincterotomy (ES) and nasobiliary drainage (NBD) catheter; seven (35%) by ES and biliary stent (BS); one (5%) by ES alone. Common bile duct stones were detected by ERCP in five (25%) of these patients. All cases with bile leakage after cholecystectomy (n=20) were treated in a single session. The mean duration of follow-up with NBD was 12.4 days (minimum 6, maximum 12 days) in the cases treated by NBD and ES. Bile drainage from bile drain ceased after a mean of 4 days (2--7 days) in 9 cases treated by NBD and ES. There was a low-grade leakage in 9 cases and a high-grade leakage in 3 cases treated by NBD and ES. Eight cases treated by NBD and ES underwent a control cholangiography and were free of any persistent leakage. All of these cases were successfully treated in a single session. Patients having bile leakage after cholecystectomy are summarized in [Table 2](#T2 T3){ref-type="table"}.

###### 

Patients having bile leakage after cholecystectomy

                         Total (n=20)   
  ---------------------- -------------- -----
  Injury type                           
   Strasberg type A      18             90
   Strasberg type D      2              10
  Leakage severity                      
   Low-grade             16             80
   High-grade            4              20
  Applied treatment                     
   ES+NBD                12             60
   ES+BS                 7              35
   ES                    1              5
  Complication                          
   Minor bleeding        4              20
  Treatment efficiency   20             100

BS: Biliary stent; ES: Endoscopic sphincterotomy; NBD: Nasobiliary drainage.

###### 

Clinical characteristics, applied treatment, and treatment efficiency in cases with cystobiliary fistula after hydatid cyst surgery

                                              n=10
  ------------------------------------------- ------
  Preoperative                                
   Overt                                      1
   Occult                                     9
   Postoperative (Bile drainage from drain)   10
  Gharbi type                                 
   Type 2                                     1
   Type 3                                     8
   Type 4                                     1
  Applied Treatment                           
   ES                                         1
   ES+NBD                                     7
   ES+BS                                      2
  Treatment efficiency                        
   ES+NBD                                     6/7
   ES+BS                                      1/2
   ES                                         1/1

BS: Biliary stent; ES: Endoscopic sphincterotomy; NBD: Nasobiliary drainage.

Two of the cases treated by BS and ES were treated using a 10 Fr plastic stent and 5 patients were treated using a 7 Fr plastic stent. Bile drainage from surgical drain ceased in 2 days (1--3 days) in four of these patients. Cases treated by BS, 6 had low-grade leakage and 1 had high-grade leakage. These cases were successfully treated in a single session. No severe, ERCP-related complications were observed.

One case presenting with postoperative bile drainage from surgical drain following left lobectomy for rectum Ca metastasis was treated by a 10 Fr BS in a second ERCP session upon persistent bile drainage from surgical drain at 11^th^ day after NBD and ES and in the absence of effective bile drainage from NBD.

Ten (32%) of the patients were occurred after hydatid cyst surgery and had cystobiliary fistula. All of these cases presented with bile drainage from surgical drain in the postoperative period, with one having overt cystobiliary communication with signs of preoperative cholangitis and cholestasis. Hydatid cysts were located in right hepatic lobe in 4 cases, hilus or central section in 5 (50%), and left hepatic lobe in 1. According to the Gharbi classification, 8 had type 3, 1 had type 2, and 1 had type 4 hydatid cyst. Only one case had signs suggestive of overt cystobiliary communication on preoperative ultrasonography. Seven patients were treated by ES and NBD, 2 by ES and BS, and 1 (8%) by ES alone. Three cases had papillary stenosis on ERCP. Six out of 7 patients treated by ES and NBD had favorable outcomes. One case had failed treatment by NBD and ES and underwent surgery. The mean NBD follow-up was 9 days (3--14 days). One case with postoperative low-output cystobiliary communication was successfully treated by ES alone. One out of two patients treated by BS (7 Fr) and ES was successfully treated while one case was successfully treated by NBD at a second session after failed BS therapy. An overall analysis of cases undergoing endoscopic therapy for cystobiliary fistula after hydatid cyst surgery revealed that 9 (90%) cases were successfully treated by ERCP. No serious, ERCP-related complication was encountered.

DISCUSSION {#sec1-4}
==========

Bile leakage is a rare complication that most commonly occurs after cholecystectomy. Biliary injuries are more common after laparoscopic cholecystectomy than open cholecystectomy \[[@ref7]\]. Biliary injury is categorized into major and minor forms, the former involving common bile duct or common hepatic duct while the latter involving peripheric ducts.

The mechanisms of bile injuries during laparoscopic cholecystectomy have been well defined \[[@ref8], [@ref9]\]. The most common scenario involves inadvertently injuring common bile duct by confusing it with cystic canal. Surgical skill and experience, misevaluation of anatomical structures during surgery, local operative risk factors (local inflammation, bleeding, obesity, hepatic cirrhosis, scleroatrophic gall bladder, hepatic neoplasms, Mirizzi's syndrome, obesity, and penetrating duodenal ulcer), and aberrant anatomy are the major risk factors for injury \[[@ref10], [@ref11], [@ref12]\]. Bile injuries during cholecystectomy may result in bile leakage, bile strictures, or both. The most common types of leakage after cholecystectomy are the cystic stump leakages and low-grade, spontaneously closing leaks seen in Luschka canals. Major bile duct injuries involving the common hepatic duct and common bile duct usually result in high-grade leakages \[[@ref13], [@ref14], [@ref15]\].

The most common signs and symptoms include abdominal pain, jaundice, fever, ascites, and biliomas. Most cases with bile leakage present within 1 week after surgery although this period may well extend to 3 months \[[@ref9], [@ref16], [@ref17]\].

Bile leakage can be diagnosed by ultrasonography, computed tomography, magnetic resonance cholangiopancreotography (MRCP), scintigraphy, endoscopic retrograde cholangiopancreatography (ERCP), fistulography, percutaneous transhepatic cholangiopancreatography (PTC) and laparotomy. ERCP has recently been the most widely employed method for both diagnosis and treatment. The basic principles of the endoscopic method include relieving pressure excess within the biliary system (via ES and/or biliary prosthesis \[stent or NBD\]), and removing bile from the leakage site by biliary prostheses. The most common factor for the success of endoscopic therapy is whether bile tree has lost its continuity. Strasberg type A, D injuries, type E injuries with incomplete incision, and aberrant canal injuries demonstrable via cholangiogram (Strasberg B,C,E5) can be treated by ERCP. Therapy to be applied during ERCP (ES and/or endobiliary prosthesis) is determined by the injury type determined by findings of cholangiography, leakage grade (low-grade vs high-grade), and other factors accompanying injury (common bile duct stones or strictures).

The most common cause of bile leakage in this study was cholecystectomy operation performed for bile stone disease, most of which were laparoscopic surgeries (64%, in 20 patients). The second most common cause was cystobiliary fistulas detected after hydatid cyst surgery (n=10, 32%).

In our study bile leakage after cholecystectomy most commonly occurred from cystic stump and gall bladder bed. Eighty percent (n=16) of cases had low-grade leakage and 90% (n=18) had Strasberg Type A injury. Almost all cases (95%, n=19) were treated with NBD or BS in addition to ES. Endoscopic therapy was successful in all cases. 10F plastic stent was used in two of the cases and 7F plastic stents were used in five cases treated by ES+BS. Stents were retrieved 4--6 weeks later in all cases. All cases treated for bile leakage after cholecystectomy were successfully treated in a single session. Successful endoscopic therapy in all of our cases may be explained by the majority of injuries being Strasberg Type A, low-grade injuries that were mostly treated by ES application.

Animal studies evaluating the pressure gradient between the common bile duct and duodenum after sphincterotomy or stent placement have shown that intrabiliary pressure was reduced more effectively in the stent placement group than the group that undergone ES alone \[[@ref18], [@ref19]\]. Other clinical and experimental studies have also revealed that biliary stent therapy in conjunction with ES was more effective than ES alone in eliminating oddi sphincter pressure \[[@ref20], [@ref21], [@ref22]\].

Although different studies have provided conflicting data regarding the endoscopic therapy efficiencies of NBD and BS, general opinion suggests that they are equally effective. NBD may be preferred to BS in highly morbid cases in which a repeat control cholangiogram is contemplated \[[@ref23]\]. There are no exact data about the correlation of the size and diameter of the prosthesis and the efficiency of endoscopic therapy. The therapy is individualized according to other factors (e.g common bile duct stone, stricture, and risk of post-ERCP pancreatitis).

Bile fistula is the most common complication in liver hydatid cyst \[[@ref24], [@ref25]\]. Its postoperative incidence varies from 5% to 63% \[[@ref24], [@ref25], [@ref26], [@ref27]\]. High-output fistulas lasting more than 10 days in the postoperative period are defined as persistent biliary fistulas. Low-output fistulas may be closed spontaneously, without the need for an endoscopic intervention. ERCP is recommended in the case of obstructive signs in bile ducts caused by residual cystic materials, cholangitis, and development of postoperative persistent external biliary fistula. It can also be performed in a later stage when secondary sclerosing cholangitis or oddi fibrosis takes place. Using ES and/or endobiliary prostheses (ES or NBD) in ERCP reduces the pressure gradient between the biliary system and duodenum, diverting bile flow to duodenum. In our study patients successfully treated with ES and NBD. The efficiency of ERCP approaches 90% in cases with biliary fistula as in our study \[[@ref28]\].

Some researchers have advocated that ES alone and removing cystic material in the common bile duct whenever present would suffice for treatment of hydatid cyst disease involving biliary system. However, many other researchers have recommended using biliary prostheses in addition to ES for a couple of days to weeks \[[@ref28], [@ref29], [@ref30]\]. Adas et al. and Akçakaya et al. demonstrated that using biliary stent or NBD in conjunction with ES improved treatment success when biliary strictures or choledocolithiasis accompanied high-output fistulas \[[@ref28], [@ref30]\]. Çiçek et al. recommended NBD use owing to its properties of reducing intrabiliary pressure more efficiently and enabling intraoperative detection of the localization of cystobiliary communication when applied at the preoperative period \[[@ref31]\].

In the present study 10 patients with biliary fistula after hydatid cyst surgery were treated by ERCP. Three of the cases were detected to have an accompanying papillary stenosis. One case treated by ES and NBD was applied surgical therapy for concurrent persistent chronic fistula. One case presenting with low-output persistent fistula was treated by ES alone.

In conclusion, our study showed that ERCP is an effective method for the diagnosis and treatment of post-surgical bile fistula. Endoscopic therapy should be individualized on the basis of the etiology, fistula output, grade, and presence of other pathologies accompanying fistula.
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